polarization, pseudopod formation, phagocytosis and chemotaxis would not be possible, and thus actin polymerization and other cytoplasmic changes are subordinate to membrane expansion 2, 3 . However, Kay and colleagues have underestimated the surfacearea problem for neutrophils that increase their surface by far more than the 20-30% increase in surface area reported during D. discoideum migration 4 . Neutrophils that undergo phagocytosis 2 or undergo a transition from a spherical to a flattened morphology 3 can approximately double their apparent surface area. In their review, Kay and colleagues suggest that 'folds' in the cell surface as possible reservoirs of additional membrane are unlikely, and focus on endocytic cycling as the potential mechanism. However, scanning electron microscopy of neutrophils show that this cell type has a wrinkled surface 5 , which we estimate could double the apparent cell surface area (FIG. 1) . Furthermore, the wrinkles disappear during expansion of the apparent surface area by osmotic swelling, and quantification shows that this membrane reservoir produces an additional surface-area increase of approximately 100% (ReF. 6) . The unwrinkling of the membrane can also be achieved by pulling the neutrophil membrane by an antibody-coated bead 7 or by suction through a micropipette 8, 9 , both producing extra membrane (and thus increasing the surface area). Mathematical modelling of the kinetics and forces that are required suggests that this extra membrane results from the unfurling of plasma-membrane wrinkles, which are held in place by a 'molecular velcro' (ReF. 10 
L i n k t o o r i g i n a L a rt i c L e L i n k t o a u t h o r ' s r e p Ly
The review by Robert Kay and colleagues (Changing directions in the study of chemotaxis. Nature Rev. Mol. Cell Biol. 9, 455-463 (2008)) 1 is a masterly and muchneeded overview of the problems that prevent a full understanding of the underlying mechanisms behind directional finding and chemotaxis by Dictyostelium discoideum and neutrophils. Kay and colleagues discussed the neglected but important topic of the 'surface-area problem' -the mechanism by which the apparent surface area of the chemotactic cell expands (and contracts). It has been argued that without the ability to expand its surface membrane area, cell during phagocytosis 10 , which suggests that the velcro holding the wrinkles together can be released by intracellular signals that are associated with phagocytotic stimulation. We have suggested that these signals might include the cleavage of proteins that hold the wrinkles in place 2, 3 , and involve Ca 2+ activation of µ-calpain
11
. Thus, although endocytic cycling has been suggested as a way of replacing integrin to the front of neutrophils 12 , the wrinkled cell surface must not be discounted as a possible solution to the surface-area problem as, in neutrophils, it is a potentially very large reservoir for providing apparent membrane expansion. CorrespondenCe NaTuRe RevIeWS | molecular cell biology www.nature.com/reviews/molcellbiol
